Since 2009, syphilis has been increasing in New York State (NYS) excluding New York City (NYC) among men with a history of male-to-male sexual contact (MSM). Because MSM make up a disproportionate number of new HIV infections, this study aims to: 1) establish yearly rates of early syphilis diagnosis, 2) assess factors associated with early syphilis diagnosis, and 3) describe missed opportunities for earlier diagnosis of syphilis among MSM living with diagnosed HIV(MSMLWDH) in NYS, excluding NYC. A cohort of adult MSMLWDH alive in 2013 were followed through 2016 to identify individuals with at least one early syphilis diagnosis between July 2014 and December 2016. Early syphilis diagnosis rates were calculated for 2015 and 2016. Crude relative risks and 95% confidence intervals were calculated to determine associations between available covariates and both syphilis diagnosis and missed opportunities. Missed opportunities were defined as reports of an HIV-related laboratory test within a given window corresponding to syphilis staging where syphilis testing was not performed at the same time. Of 7,512 MSMLWDH, 50.0% were non-Hispanic white, 85.4% aged �35, and 320 (4.3%) had an early syphilis diagnosis. Yearly rates were: 1,838/100,000, and 1,681/100,000 in 2015 and 2016, respectively. Persons who were non-Hispanic black, living with diagnosed HIV for less than three years, aged <45, and were always virally suppressed or always in HIV care were significantly more likely to have a syphilis diagnosis. Over half of individuals had evidence of a missed opportunity for earlier syphilis diagnosis. Syphilis stage at diagnosis, older age, and syphilis diagnosis not concurrent with an HIV-related laboratory test were associated with a higher likelihood of having a missed opportunity. This study supports high interrelatedness of the syphilis and HIV epidemics among MSM. Since syphilis can impact HIV viral load suppression status, efforts to end the HIV epidemic need to be coupled with syphilis elimination efforts.
Introduction had evidence of being tested for syphilis in the past year. [15] In NYS excluding NYC, only about 60% of PLWDH �19 years of age enrolled in Medicaid were screened for syphilis in the past year. [34] Early syphilis, defined as a syphilis infection less than one-year in duration, includes primary, secondary, and early latent syphilis diagnoses. Roughly 30% of early syphilis diagnoses reported annually in NYS excluding NYC are among PLWDH; among males in NYS diagnosed with early syphilis, over 80% report having sex with males. [9, 35] Increases in syphilis, if unaddressed, have the potential to undermine efforts to end the HIV epidemic. Since a significant percentage of newly diagnosed early syphilis cases are among PLWDH, this group represents a priority population with respect to syphilis testing, treatment, and prevention of onward transmission.
In NYS excluding NYC, the degree to which early syphilis is being diagnosed among MSMLWDH and the timeliness of that diagnosis are not well understood. Therefore, the aims of this study were to: 1) establish the yearly rate of early syphilis diagnosis in the cohort, 2) assess factors associated with early syphilis diagnosis, and 3) describe missed opportunities for earlier detection of syphilis among those diagnosed with syphilis among MSMLWDH in NYS, excluding NYC.
Methods

Study population
Persons eligible for inclusion were males meeting the Centers for Disease Control and Prevention (CDC) HIV case definition as of January 1, 2013, who were over the age of 18 years as of January 1, 2014, with a reported history of male-to-male sexual contact, whose residential address was never documented to be outside of NYS excluding NYC from 2013 through 2016, and whose vital status indicated they were alive at the end of 2016. Males were categorized as MSM if they had ever reported MSM behavior prior to HIV acquisition. [36] All HIV-related data were extracted from NYS and NYC health departments' enhanced HIV/AIDS Reporting Systems (eHARS), which includes all HIV-related laboratory test results for persons living or receiving HIV care in NYS. Because NYS and NYC eHARS are not linked, information was extracted from both eHARS to capture all available information. In accordance with NYS Public Health Law, clinicians must report all new or previously unreported diagnoses of HIV infection, AIDS or HIV illness within 14 days of diagnosis to the NYS Department of Health (NYSDOH). [37, 38] Employing a retrospective cohort study design, this cohort of individuals living with diagnosed HIV was matched to early syphilis diagnoses reported to the NYS Communicable Disease Electronic Surveillance System (CDESS) between July 1, 2014 to December 31, 2016 . The study follow-up time was selected to increase the probability that the syphilis infection, regardless of when it was reported to CDESS, occurred after an individual's HIV diagnosis; individuals included in the study had to be diagnosed with HIV for at least one year prior to the start of the July 1, 2014 follow-up. Early syphilis diagnoses were defined as diagnoses meeting CDC case definitions for primary, secondary, or early latent syphilis, and were staged per CDC case definition at the time of the diagnosis (reflecting the results of laboratory data, physical examination, and partner services investigation information). [39] Persons from the cohort who matched to at least one early syphilis diagnosis during the follow-up period were defined as having had a subsequent early syphilis diagnosis. For persons with multiple syphilis diagnoses, only the first diagnosis was included.
were calculated for calendar years in which full years of data were available. Yearly rates were calculated for 2015 and 2016 by dividing the number of early syphilis diagnoses each year by the study population and presented as a rate per 100,000 persons per year; for the 2016 rate, diagnoses in 2015 were removed from the study population. Rates for 2014 were not calculated because early syphilis diagnoses were only matched for the second half of the year.
Associations with diagnosis of early syphilis among cohort of adult MSMLWDH. Bivariate and multivariable analyses were conducted to determine associations between available covariates and subsequent early syphilis diagnosis. For the bivariate analysis, unadjusted risk ratios (RRs) and 95% confidence intervals (CIs) were calculated for all individual-and zip-code-level covariates. Only covariates significantly associated with the outcome in the bivariate analyses were included in the multivariable analysis. The final multivariable model was restricted to covariates that remained significant at a significance level of <0.05 and were not highly collinear. Collinearity was assessed by calculating the variance inflation factor (VIF) for all variables considered for inclusion in the multivariable model. Available covariates included: race/ethnicity, age, duration of HIV positive status, HIV care status, HIV viral load suppression status, and socioeconomic variables. All demographic and HIV-related outcome variables were extracted from eHARS. Race/ethnicity was categorized as non-Hispanic white, non-Hispanic black, Hispanic, or other. Age was defined as one's age at the start of the study period and was categorized into 10-year increments after the age of 24; age groups were defined as follows: 18-24, 25-34, 35-44, and 45+ . Ages higher than 45 were collapsed to one category to ensure adequate cell sizes in the analysis.
Duration of HIV positive status was calculated as the difference in years from the initial HIV diagnosis until the study start year of 2013. Presence of a CD4, HIV viral load, or HIV genotype test result reported to the NYSDOH was used as a proxy for HIV care. HIV care status from January 1, 2013 to December 31, 2016 was defined as: 1) always in care: presence of at least one HIV-related laboratory test per year of follow-up (i.e. HIV-related laboratory testing collection dates � 13 months apart); 2) sometimes in care: at least one HIV-related laboratory test during follow-up [i.e. HIV-related laboratory testing collection date(s) >13 months]; and 3) never in care: no evidence of an HIV-related laboratory test reported to the NYSDOH within the study period. HIV care data prior to the start of follow-up was included to allow individuals time to get into HIV care.
HIV viral load suppression status was defined using quantitative viral load results reported from January 1, 2013 to December 31, 2016, and was categorized as follows: 1) always suppressed: all viral loads reported during follow-up were <200 copies/mL, and the HIV viral load laboratory test collection dates were �13 months apart, 2) sometimes suppressed: all viral load test results reported during follow-up were <200 copies /mL but gaps of HIV care >13 months between tests, or any viral load test reported during follow-up was �200 copies /mL, but there was at least one viral load test <200 copies/mL, and 3) never suppressed: no reported viral load tests during follow-up were <200 copies/mL, or there were no reported viral load test dates reported during follow-up.
Zip-code level socioeconomic factors included were: percent below poverty, percent unemployed, and percent uninsured. These values were assigned to individuals based on their zip code of residence in 2016. Socioeconomic measures were extracted from the American Community Survey's 2016 five-year estimates and were categorized into quartiles.
[40] The 2016 zip code was used to allow for a more complete match to the American Community Survey.
Missed opportunities for syphilis diagnosis. People who had both evidence of any HIVrelated laboratory testing during the study period and a subsequent syphilis diagnosis were assessed for missed opportunities for earlier syphilis diagnosis. Missed opportunities were defined by the absence of a syphilis diagnosis on the same date as an HIV care visit, defined as an HIV-related laboratory test (i.e. CD4, HIV viral load, or HIV genotype test), within a given window corresponding to syphilis staging as follows: for individuals diagnosed with secondary syphilis, any HIV-related laboratory test from one week to three months prior to the secondary syphilis diagnosis was defined as a missed opportunity for earlier syphilis detection. [39, 41] For those diagnosed with early latent syphilis, HIV-related laboratory tests from one week to six months prior to the syphilis diagnosis were defined as a missed opportunity. [39] These time-bound cut points were chosen based on the natural course of syphilis infection. [42] The presence or absence of a missed opportunity was determined for each person based on their syphilis stage at diagnosis. Individuals diagnosed with primary syphilis, or those with no reported HIV care dates, were excluded from the potential missed opportunity analysis.
Bivariate and multivariable associations between the following covariates and having a missed opportunity were assessed: syphilis disease stage, race/ethnicity, age, duration of HIV positive status, and syphilis diagnosis on same day as HIV care. HIV care and viral load suppression status were not included in this analysis as covariates given that persons eligible for this analysis were selected based upon receipt of HIV-related laboratory tests and would therefore introduce bias in measuring these covariates. Multivariable modeling methods for this analysis mirrored those employed for examining the relationship between the listed covariates and a subsequent early syphilis diagnosis.
All analyses were performed using SAS version 9.4 (SAS Institute, Cary, NC). RRs were calculated using "proc genmod." This secondary data analysis was considered exempt from human subject's review by the NYSDOH Institutional Review Board.
Results
Study population
There were 7,512 MSMLWDH aged �18 years living in NYS from 2013-2016 included in this cohort. Most individuals in this cohort were non-Hispanic white (3,755; 50.0%), �35 years of age (6,419; 85.5%) and had been diagnosed with HIV for 7 or more years (5,381; 71.6%) ( Table 1) . Less than half (3,302; 44.0%) of MSMLWDH in this cohort were always virally suppressed, and two-thirds (4,982; 66.3%) had at least one HIV care date every 13 months. Over half (4,339; 57.8%) of MSMLWDH lived in a zip code where more than 10.2% of people live below poverty. MSMLDWH residing in a zip code with an unemployment rate higher than 9.2% made up 22.1% of the cohort, and 1,907 (25.4%) lived in zip code where more than 9.3% of the population was uninsured. During the study period, 320 (4.3%) MSMLWDH had an early syphilis diagnosis.
Yearly diagnosis rates of early syphilis among cohort of adult MSMLWDH. For the years in which diagnosis rates were calculated, there were 137 early syphilis diagnoses in 2015, and 123 in 2016. The yearly rates of early syphilis diagnosis were 1,838 per 100,000 MSMLWDH and 1,681 per 100,000 MSMLWDH in 2015 and 2016, respectively.
Associations with diagnosis of early syphilis among cohort of adult MSMLWDH. Race/ethnicity, age, viral load suppression status, HIV care status, and duration of HIV infection were all significantly associated with a diagnosis of early syphilis (Table 1) . Non-Hispanic black MSMLWDH were 1.95 (95% CI: 1.49-2.55) times more likely to have an early syphilis diagnosis than non-Hispanic white MSMLWDH. Age was inversely associated with early syphilis diagnosis; persons 18-24 years of age were 5.74 (95% CI: 3.55-9.30) times more likely to be diagnosed with early syphilis than those aged 45 and older. MSMLWDH who were categorized as always virally suppressed or always in HIV care during the study period were more likely to have an early syphilis diagnosis [RR: 2.44 (95% CI:1.51-3.92) and RR 5.18 (95% CI:2.57-10.40), respectively]. MSMLWDH for less than three years were 7.83 (95% CI: 5.38- 11 .40) times more likely to be diagnosed with early syphilis than those who had been living with HIV for greater than 13 years. Zip code level percent below poverty, percent unemployment, and percent uninsured were not significantly associated with early syphilis diagnosis among MSMLWDH. The final multivariable model included race/ethnicity, age, viral load suppression status, and duration of HIV infection. HIV care status and viral load suppression status were collinear (the VIF was 3.73 and 3.78 for HIV care status and viral load suppression status, respectively); therefore, only viral load suppression status was retained for the final analysis. After adjusting for all other variables in the model, non-Hispanic black MSMLWDH were 1.44 (95% CI: 1.10-1.89) times more likely to have an early syphilis diagnosis than non-Hispanic white MSMLWDH (Table 1) . Those aged 18-24 were 2.99 (95% CI: 1.77-5.05) times more likely to have an early syphilis diagnosis than those aged 45 or older. MSMLWDH who were categorized as always virally suppressed during the study period were more likely to have an early syphilis diagnosis [adjusted risk ratio (aRR): 3.36 (95% CI:2.09-5.42)] than those who were never suppressed. Those living with HIV for less than three years were 3.81 (95% CI: 2.50-5.81) times as likely to have a syphilis diagnosis than those living with HIV for more than 13 years.
Missed opportunities for syphilis diagnosis. Of the 320 MSMLWDH with an early syphilis diagnosis, 261 were analyzed for missed opportunities for syphilis diagnosis during an HIV care visit (excludes eight individuals with no HIV-related laboratory tests and 51 individuals diagnosed with primary syphilis). Of individuals included in the analysis, 145 (55.6%) had at least one missed opportunity for syphilis diagnosis during an HIV care visit ( Table 2) . MSMLWDH diagnosed with early latent syphilis were 1.96 (95% CI: 1.48-2.58) times more likely to have a missed opportunity than those diagnosed with secondary syphilis. Individuals whose syphilis diagnosis date differed from their HIV care date were 1.28 (95% CI: 1.04-1.59) times more likely to have a missed opportunity than those whose diagnosis occurred on the same date as their HIV care. Race/ethnicity, age, and duration of HIV positive status were not significantly associated with having a missed opportunity. The final multivariable model included disease stage at diagnosis and whether the syphilis diagnosis occurred on the same day as an HIV care visit. After adjusting for other variables, Syphilis and HIV in New York State: Males with a history of male-to-male sexual contact those diagnosed with early latent syphilis were 1.97 (95% CI: 1.50-2.59) times more likely to have a missed opportunity than those diagnosed with secondary syphilis ( Table 2 ). Those who were not diagnosed with syphilis on the same day as their HIV care were 1.30 (95% CI: 1.09-1.57) times as likely to have a missed opportunity compared to those who were diagnosed concurrently with their HIV care. Post hoc analysis. As a post hoc analysis, early syphilis diagnoses that occurred on the same date as an HIV care visit (defined as presence of an HIV-related laboratory test result) were quantified for each person to assess the degree to which syphilis is diagnosed at the same time as one's HIV care (Table 3 ). Excluding eight individuals who had no HIV-related laboratory tests reported dates, there were 312 people diagnosed with early syphilis, of which 191 (61.2%) were diagnosed on the same day as the HIV care visit. Due to small cell sizes, 'Never' and 'Sometimes' virally suppressed were combined resulting in the co-variate being recategorized as 'Yes'/'No' to always virally suppressed. Syphilis disease stage at diagnosis was the only factor significantly associated with a same day diagnosis. MSMLWDH diagnosed with early 1.96 (1.48-2.58)  1.97 (1.50-2 1.28 (1.04-1.59)  1.30 (1.09-1.57) latent syphilis were 1.41 (95% CI: 1.06-1.88) times more likely to have a same day diagnosis than those with primary syphilis. There was no significant difference between those diagnosed with secondary syphilis compared to primary syphilis. As no other variables were significantly associated with having a syphilis diagnosis on the same day as HIV care, a multivariable model was not constructed for the post-hoc analysis. 
Discussion
Overall, the prevalence of early syphilis diagnosis in this study population was high, with 4.3% of individuals identified as having a subsequent early syphilis diagnosis. This high proportion of MSMLWDH being diagnosed with syphilis is comparable to other studies and national reports. [5, 10, 43] The DC cohort, a well-established cohort of persons living with HIV in the District of Columbia, examined incident STIs after 32.5 months of follow-up. [10] Of the MSM in their cohort, 4.1% were diagnosed with syphilis during the follow-up period. [10] Among MSM, the high interrelatedness of syphilis and HIV in NYS is a significant public health concern that highlights the importance of syphilis screening, treatment, and prevention counseling in efforts to end the HIV epidemic. The yearly rates of early syphilis diagnosis found in this study of 1,838 per 100,000 and 1,681 per 100,000 in 2015 and 2016 respectively, greatly exceeded the 2016 rate of 21.6/100,000 early syphilis among males �18 years of age in NYS. [35] However, while not a direct comparison, the rate of primary and secondary syphilis calculated among MSMLWDH from 34 states in 2014 was 1,200/per 100,000 suggesting similarly elevated national rates of syphilis among this population. [20] Persons at highest risk of subsequent early syphilis diagnosis were young (<35 years of age), those of racial/ethnic minority, and those living with diagnosed HIV for less than seven years. Again, this finding is similar to other studies, and support the current NYS HIV Clinical Guidelines to screen HIV positive MSM at highest risk of syphilis infection for syphilis every three months. [10, 28] Unlike other studies, persons most likely to be diagnosed with early syphilis were virally suppressed throughout the follow-up time, and in consistent HIV care. [23, 24] These findings suggest individuals diagnosed with syphilis were receiving HIV care or, at minimum, were adherent to HIV treatment, and represent promising evidence to support the biomedical approach of HIV viral load suppression as an HIV transmission prevention method. It should be noted that HIV care was narrowly defined as receiving HIV-related laboratory tests (i.e. HIV viral load, CD4 or genotype) that were reported to NYSDOH. Individuals may be seeing a medical provider for HIV care and not be receiving HIV-related laboratory tests which are reported to NYSDOH at each of those visits. [44] Further medical chart reviews should be conducted to identify if a syphilis test was offered during HIV care and if the patient refused testing.
Regarding missed opportunities, while over half of the individuals diagnosed with secondary or early latent syphilis were identified as having at least one missed opportunity for earlier syphilis detection, 63.2% were diagnosed with syphilis on the same day as HIV care ( Table 2) . Diagnosing syphilis at the time of HIV care provides both the individual and the provider with an opportunity for more comprehensive sexual health messaging and care.
Interestingly, while persons diagnosed with early latent syphilis were more likely to be diagnosed with syphilis on the same day as HIV care, they were also more likely to have a missed opportunity for earlier detection. While the latter finding is likely an artifact of individuals infected for a longer duration simply having more time to have a missed opportunity, it speaks to the importance of pairing syphilis screening with HIV-related laboratory tests, especially for persons who are not experiencing any syphilis symptoms (or whose symptoms go unobserved). Though primary and secondary syphilis are marked by symptoms (rectal chancres, for example), these will not be apparent without rectal screening, which is not part of routine HIV care. Pairing syphilis screening with every HIV CD4 count or viral load assay has been recommended to clinicians providing care to MSM. [33] Lending further support to paired testing is that only half of those individuals diagnosed with primary or secondary syphilis in this cohort were diagnosed on the same day as HIV care. Lastly, there were no other associations found between the covariates assessed and having a missed opportunity. Therefore, while some populations are at a higher risk of a syphilis diagnosis, screening for syphilis among PLWDH should be universal.
It should be noted that the missed opportunities should be interpreted with caution given how a missed opportunity was defined. For example, physicians may decide to monitor a patient who started ART more frequently to ensure that they become virally suppressed. The expectation to screen for syphilis at such monitoring events may not be reasonable. Alternatively, one of the HIV-related laboratory tests categorized as a missed opportunity could have been the impetus for syphilis screening. For example, for persons previously virally suppressed and on ARTs, an unexplained increase in HIV viral load may have been an indication for the clinician to screen for STIs. Furthermore, the time-bound cut points chosen to assess missed opportunities could have overestimated the duration of one's infection, therefore misclassifying HIV care dates prior to infection as missed opportunities. This misclassification would result in an overestimate of missed opportunities. Therefore, the results of the analysis regarding missed opportunities should be interpreted with caution as they may be indicative of consistent HIV clinical care for this cohort.
The optimal outcome for anyone diagnosed with syphilis would be timely identification and treatment of the infection. As this study was limited to incident syphilis, an examination into adequate syphilis treatment per the 2015 CDC STD Treatment Guidelines for this cohort was examined and compared to the HIV negative males diagnosed with incident syphilis in the same geographic area, over the same study period. For both groups, 98% of males received adequate treatment for their syphilis infection, demonstrating optimal outcomes regardless of HIV positivity. [29] There are several limitations to this study. First, it is unknown to what degree individuals in the cohort had undiagnosed syphilis infection(s). As this is an observational cohort, information on syphilis screening cannot be obtained. However, given current screening guidelines, the authors are hopeful that syphilis has been detected in the majority of individuals in this cohort. [28] If syphilis screening is not as high as current guidelines recommend, syphilis rates could be higher than the rates observed in this study. Second, only the first syphilis diagnosis per individual within the study timeframe was included in this study. Therefore, any syphilis diagnosis prior to study start, or subsequent to the individual's initial syphilis diagnosis, was not accounted for (N = 36). Individuals with repeat syphilis infection may have a differing level of risk. Further analyses should examine repeat syphilis and/or additional STI diagnoses in this cohort. Third, the defined cohort of MSM was based on HIV transmission risk, which does not indicate current sexual risk, and also omits individuals who did not disclose sexual risk at time of HIV diagnosis. Fourth, virally suppressed was categorized as an HIV viral load <200 copies/mL rather than <1,500 copies/mL, which research indicates is the threshold of HIV-RNA needed to sexually transmit HIV. [45] [46] [47] This categorization may have resulted in fewer individuals being classified as suppressed than the less conservative measures would assume. Supplemental analyses conducted to mirror analytics presented in Tables 1 and 3  (Table A in S1 File, and Table B in S1 File) show the results did not significantly differ when increasing the viral load cutoff from <200 copies/mL to <1,500 copies/mL. Therefore, any bias introduced is thought to be minute. Additionally, residence was based on an individual's last known address which may not reflect one's current address. Based on previous research in NYS, it is known that in-and out-migration to the jurisdiction occurs frequently, and that an absence of an HIV-related laboratory test might not be reflective of being not in HIV care, but rather having moved to another jurisdiction or receiving care from an organization that is not subject to state reporting laws. [44, 48] This limitation would most impact the group of individuals who were without HIV-related laboratory tests for the duration of the follow-up period who were classified as never in care. However, as per NYSDOH practice, individuals diagnosed with AIDS and have had no HIV-related laboratory tests reported to the NYSDOH for five years, or individuals diagnosed with HIV (stage 1 and 2) and have had no HIV-related laboratory tests reported for eight years, are not considered to be in NYS, and are therefore were not included this analysis. Lastly, syphilis staging might be incorrect when a patient's serologic history could not be confirmed. However, this is true for all jurisdictions and therefore would not preclude comparing the results from this analysis to other previously conducted analyses in other jurisdictions.
Conclusions
In conclusion, this study supports the notion of high interrelatedness of syphilis and HIV, especially among MSM. Consistent and routine screening for syphilis among MSMLWDH is needed. Continual integration of syphilis testing during routine HIV care could help increase early identification of syphilis infection and help decrease transmission rates. Biomedical approaches, such as HIV viral load suppression, have increasingly become the cornerstone of efforts to end the HIV epidemic and must be leveraged in order to maximize opportunities for STI detection, especially since STIs can increase HIV viral loads. Comprehensive sexual health continues to be paramount to ensuring HIV and STI prevention. Additional studies examining the relationship between HIV viral load suppression status and syphilis diagnosis, as well as the relationship between syphilis testing and/or diagnosis should be conducted.
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